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Tuesday, February 18, 2014 585aand SLN can bind to the same groove but interact with a different set of resi-
dues on SERCA. These data collectively suggest that SLN is functionally
distinct from PLB; its ability to interact with SERCA in the presence of
Ca2þ causes uncoupling of the SERCA pump and increased heat production.
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Sarco(endo)plasmic reticulum calcium ATPase (SERCA) transports Ca2þ ions
against a concentration gradient from cytoplasm to sarcoplasmic reticulum,
initiating muscle relaxation. SERCA activity is regulated by two single-span
membrane proteins: phospholamban (PLN) or sarcolipin (SLN). Although
the recent crystal structures offered a prime view of these complexes
(SERCA/SLN and SERCA/PLN), the mechanism of regulation is still un-
known. Here, we used a combination of oriented and magic angle spinning
(MAS) solid-state NMR spectroscopy to gain atomistic level insights into the
mechanism of regulation of SERCA by both PLN and SLN in fully hydrated
lipid bilayer membranes.
To map protein-protein interactions within lipid membranes, we designed
innovative labeling strategies involving various combinations of isotopic
labeling schemes, paramagnetic probes, and thioalkylation of SERCA’s cys-
teines. The restraints obtained from the experimental data were used to model
the complexes which were further refined using restrained molecular dy-
namics simulations in explicit lipid bilayers. The structures of SERCA in
complex with PLN or SLN provide a detailed view of the binding interface
and shed light on the mechanism of SERCA regulation (i.e., inhibition and
activation). Knowledge of the biophysical basis of SERCA regulation offers
unprecedented opportunity for the rational design of the mutants for gene
therapy. We expect the approach and methods used by us to be generally
applicable for mapping protein-protein interactions in membrane protein
complexes larger than 100 kDa, which are typically inaccessible to other
experimental methods.
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On a cellular level, the cardiac cycle is orchestrated by release of Ca2þ into
the cytosol during systole (contraction) and subsequent reuptake of Ca2þ
into internal stores by an ion-motive ATPase during diastole (relaxation).
This pump, the sarco(endo)plasmic reticulum calcium ATPase (SERCA), un-
dergoes large conformational changes between enzymatic substates during
calcium transport. Recently, we quantified SERCA structural dynamics using
intramolecular fluorescence resonance energy transfer (FRET). Here, we
extend this work to investigate SERCA conformational changes in atomic
detail using molecular dynamics simulations. Specifically, we tested a hypoth-
esis generated from FRET experiments: Open conformations of SERCA are
more dynamic than compact, closed structures. Our molecular dynamics sim-
ulations showed that larger amplitude cytoplasmic domain motions for open
conformations compare to compact structures. The data suggest that the
open conformation of SERCA is more dynamically disordered than the closed
state. We also performed a molecular dynamics simulation on PLB, a homo-
pentameric regulator of SERCA. Previous studies have suggested that a natu-
rally occurring human heart failure mutation of PLB, L39Stop, disrupts
membrane localization. Molecular dynamics simulations showed that
L39Stop-PLB was unstable compared to WT PLB. In particular, we observed
that the interactions between protomers of the L39Stop PLB pentamer were
disrupted within 10 ns, resulting in collapse of the pentamer structure.
L39Stop-PLB monomers were subsequently extruded from the bilayer,
becoming soluble in the aqueous phase. We determined that the instability
of the L39Stop PLB pentamers is partially due to lack of van der Waals in-
teractions between truncated PLB monomers.
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Phospholamban (PLB) regulates the activity of the cardiac Ca pump
(SERCA2a). The molecular mechanism by which PLB inhibits SERCA2a
activity involves physical binding of PLB to the Ca-free, E2 conformation
of the enzyme, specifically, formation of E2PLB, which prevents Ca bindingto SERCA2a. To test how different PLB mutants competitively interact with
E2, we examined the ability of a gain-of-function, cross-linkable PLB
mutant, N27A,N30C,L37A-PLB (PLB3) to inhibit Ca-ATPase activity and
to cross-link to the PLB-tethered pump (SER-20G-PLB) after co-expressing
the two proteins in insect cells. SER-20G-PLB, a chimeric WT-SERCA2a-
WT-PLB construct, retains a fully catalytic active Ca-pump and an intrinsi-
cally regulatory, flexibly anchored PLB-tether. SER-20G-PLB exhibited a
rightward-shifted Ca-dependent ATPase activity curve (KCa=0.26 5 0.03
mM), compared to that of WT-SERCA2a expressed alone (KCa=0.15 5
0.02 mM). Co-expressed PLB3 super-inhibited the WT-PLB-tethered enzyme,
further shifting the Ca-dependent ATPase activity curve to the right
(KCa=0.66 5 0.08 mM). Further, in the Ca-free condition, PLB3 cross-
linked to K328 of SER-20G-PLB at the cytoplasmic extension of M4. Impor-
tantly, the cross-linking was completely inhibited by micromolar Ca and the
SERCA inhibitor tharpsigargin. The Ki values for Ca-dependent inhibition
of PLB3 cross-linking to the tethered pump was 0.9 5 0.1 mM, similar
to that obtained using samples with co-expression of PLB3 and WT-
SERCA2a. A similar gain-of-function mutant N27A,L37A,V49C-PLB, also
super-inhibited the tethered pump, and cross-linked to V89C-SER-20G-PLB
at the C-terminal end of transmembrane domain M2. These results demon-
strate that freely diffusing, gain-of-function PLB mutants completely replace
the WT-PLB-tether and must fit into the binding pocket previously occupied
by WT-PLB. Thus, there is a reversible equilibrium between different PLB
mutants and WT-PLB for binding to E2, in which PLB mutants possessing
higher binding affinity for SERCA2a produce more stable E2PLB and lower
Ca affinity.
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We have studied the differential effects of phospholamban (PLB) phosphory-
lation states on the activity of the sarcoplasmic reticulum (SR) Ca2þ-ATPase
(SERCA). It is known that PLB inhibits SERCA and that PLB phosphorylation
at S16 and/or T17 relieves this inhibition in cardiac SR. However, the func-
tional effects of the two PLB phosphorylation sites have not been compared
quantitatively. Therefore, we co-reconstituted SERCA1a with synthetic
PLB, pS16-PLB, pT17-PLB, or pS16/pT17-PLB in phospholipid vesicles
and measured Ca2þ-dependent SERCA ac-
tivity. Inhibition was maximally relieved
by phosphorylation at S16, followed by
doubly phosphorylated PLB (pS16/pT17-
PLB) and pT17-PLB. Thus, T17 phosphor-
ylation shows the least capacity for
SERCA inhibition relief, and actually de-
creases the effect of S16 phosphorylation
on the same PLB. Quantitative Western
blots were used to demonstrate that all
four PLB phosphorylation states are pre-
sent in cardiac SR. Cardiac SR was treated
with PLB antibodies and protein kinase A
(PKA) to quantify the effects of PLB phos-
phorylation states on SERCA inhibition in
a biological milieu. These results show that
each PLB phosphorylation state uniquely
alters Ca2þ homeostasis. These effects are
relevant to cardiovascular health, disease
and treatment.2959-Pos Board B651
Phosphorylation Alters the Transmembrane Binding Interface Between
Phospholamban and SERCA
Zachary M. James, Jesse E. McCaffrey, Kurt D. Torgersen,
Christine B. Karim, David D. Thomas.
Biochemistry, Molecular Biology, and Biophysics, University of Minnesota,
Minneapolis, MN, USA.
Cardiac muscle contraction is regulated through the release and reuptake of
Ca2þ from the sarcoplasmic reticulum (SR), with the SR Ca2þ-ATPase
(SERCA) inducing relaxation by restoring Ca2þ to the SR lumen from the
cytosol. SERCA is regulated by the single-pass membrane protein phospho-
lamban (PLB), which acts as inhibitor unless phosphorylated at Ser16. The
mechanism of SERCA-PLB regulation remains poorly understood, though
our recent work demonstrated that PLB remains bound to SERCA following
Ser16 phosphorylation, indicating that a structural rearrangement mediates
586a Tuesday, February 18, 2014inhibition relief. To further elucidate this mechanism, we have used site-
directed spin labeling and electron paramagnetic resonance (EPR) spectros-
copy to study the interaction between the transmembrane (TM) domains of
SERCA and PLB, where regulation is mediated. Spin labels were attached
along PLB’s TM helix for accessibility EPR measurements as well as double
electron-electron resonance (DEER) distance measurements to spin-labeled
SERCA. Our results suggest that Ser16 phosphorylation induces a change
in the topology of PLB’s TM helix that results in disruption of SERCA inhi-
bition without dissociating the two proteins. Acknowledgments: spectroscopy
was performed in the Biophysical Spectroscopy Center at the University of
Minnesota, and funded by NIH grants to DDT (R01 GM27906, P30
AR507220).
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We have used time-resolved fluorescenceresonance energy transfer (TR-
FRET) to study the structural basis of regulation of sarcoplasmic reticulum
Ca2þ ATPase (SERCA) by a single-pass transmembrane protein, phospho-
lamban (PLB). SERCA actively sequesters Ca2þ back into the sarcoplasmic
reticulum to cause muscle relaxation. In the heart, SERCA is inhibited by
unphosphorylated PLB. Physiologically, this inhibition is relieved by either
micromolar Ca2þ or phosphorylation of PLB. Dysregulation of SERCA-PLB
complex causes Ca2þ mishandling in cardiomyocyte, which is a prominent
feature in heart failure. Our goal is to elucidate the structural basis for the
regulation of the complex, with an emphasis on the structural rearrangement
during relief of inhibition. We have used time-resolved fluorescence reso-
nance energy transfer (TR-FRET) to probe the complex directly by
measuring the distances between SERCA (C674) and a series of positions
on PLB in co-reconstituted vesicles. Our data supports that the cytoplasmic
domain of bound PLB exists in two states. The relief of inhibition is
achieved by combined effect of dissociation of the complex and shifting
the equilibrium of the two states of bound PLB. Spectroscopy was per-
formed in the Biophysical Spectroscopy Center at the University of Minne-
sota. This work was funded by NIH grants to DDT (R01 GM27906 and P30
AR0507220).
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There are multiple studies, exploring effects of polyamines on cation and Kþ
channels in animal and plant cells, but much less is known on their potential
effects on cation-transporting ATPases. In this work non-invasive MIFE and
conventional microelectrode techniques were applied to study the effects of
polyamines (PAs) on Ca2þ and Hþ transport and membrane potential in
living pea roots. Putrescine (Put2þ) or spermine (Spm4þ) in 1 mM concentra-
tion caused a large increase of Ca2þ efflux across plasma membrane (PM),
sensitive to Ca2þ pump inhibitor eosine yellow (EY) but insensitive to ami-
loride. Put2þ and Spm4þ caused contrasting effects on Hþ fluxes: induced net
Hþ efflux (due to activity of the PM Hþ pump) and influx, respectively. Use
of EY and vanadate, non-specific inhibitor of P-type pumps, converted
Spm4þ-induced Hþ influx to transient Hþ efflux and suppressed Hþ fluxes,
respectively. The former result was consistent with Ca2þ/Hþ antiport activity
of the PM Ca2þ pump. However, EY also reduced Put2þ-induced Hþ efflux.
The latter result may be explained by down-regulation of the Hþ pump activ-
ity by increased intracellular Ca2þ. When it comes to direct effect of PAs on
the Hþ pump in isolated PM vesicles, Put2þ did not produce any effect and
Spm4þ partly suppressed Hþ pumping. All PAs, Spm4þ>Spd3þ>Put2þ
caused substantial (up to 70 mV) membrane depolarization, abolished by
Gd3þ and strongly decelerated by removal of external Ca2þ. Analysis of
net ion fluxes, induced by different PAs, led us to a conclusion that trans-
port of PAs themselves directly contributes to membrane potential changes.
Therefore, PAs induce Ca2þ pump activity and differentially affect Hþ
fluxes and electric potential difference across the PM. Supported by
CONACyT and ARC grants and by University of Tasmania visiting profes-
sorship to IP.2962-Pos Board B654
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Ca2þ is a universal intracellular messenger controlling a host of diverse physio-
logical processes. Two housekeepingP-typeCa2þ-transportATPases, SERCA2b
in the endoplasmic reticulum and SPCA1a in the Golgi, play a crucial role in
cellular Ca2þ homeostasis by accumulating Ca2þ into their respective stores.
SPCA1a also supplies the Golgi with Mn2þ, a property that might be important
for Mn2þremoval/detoxification. Whereas SERCA2b contains two Ca2þ-trans-
port sites, SPCA1a possess only 1 Ca2þ/Mn2þ site. No specific SPCA1a inhibi-
tors are known, although SPCA1a inhibition might have therapeutic potential
suppressing certain types of breast cancer. Some specific SERCA2b inhibitors
have the ability to quench SPCA1a activity, although at higher IC50.
Since endogenous expression levels of the ubiquitous SPCA1a are too low to
perform extensive structure/function analysis, overexpression and purification
strategies are inevitable. We successfully overexpressed and affinity purified
recombinant SPCA1a from yeast. Purified pumps are then reconstituted in
Golgi-like liposomes for detailed functional analysis. Reconstituted SPCA1a
remains active displaying similar properties as expressed in mammalian frac-
tions. The reconstituted system was now deployed to compare the potential
of various compounds to inhibit SERCA and SPCA1a. Remarkably, the puta-
tive SPCA1a inhibitor Bisphenol displays equal affinity for SPCA1a and SER-
CA1a. Given the mM affinity of Thapsigargin (Tg) for SPCA1a and the fact that
it can be chemically modified, Tg is used as a lead compound for generating
more specific SPCA1a inhibitors. Several analogues were already tested.
Furthermore, the purified and reconstituted SPCA1a is currently used to inves-
tigate the role of its N- and C-terminus, since the N- and C-termini of the related
SPCA2 isoform interact with Orai1, a process known as store-independent
Ca2þ-entry that is activated in lactation and breast cancer.
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The oriental plant Alkanna orientalis tissues extracts have been shown to have
antimicrobial activity against a number of gram-positive bacteria, particularly
Enterococcus hirae, however mechanisms of this activity is not clear enough.
A. orientalis intact root and callus cells extracts influence on E. hirae ATCC9790
whole cells Hþ/Kþ exchange, membrane vesicles accessible SH-groups number
and ATPase activity was investigated. It was shown that 50 and 100 ml root
extract inhibited Hþ release ~1.27 and ~1.47 fold and Kþ accumulation ~1.25
and ~1.36 fold, respectively. Whereas, callus cells extract had a stronger effect
on ions fluxes rates. The inhibitor of proton translocating F0F1-ATPase,N,N’-di-
cyclohexylcarbodiimide (DCCD) - sensitiveHþ effluxwere observed upon addi-
tion of both extracts. The number of SH-groups was lowered ~1.7 and 2 fold
comparedwith the control in the presence of root and callus cells extracts, respec-
tively. The strongest effect was in the case when these substances were added in
the assay medium together with 0.2 mM DCCD. The ATPase activity was also
decreased ~3.1 and 3.5 fold compared with the control in the presence of
100 ml intact root and callus cells extracts, respectively. Maximum inhibition
of ATPase activity was detected again when intact root and callus cells extracts
were added in the assay medium with 0.2 mM DCCD simultaneously.
The results point out that A. orientalis intact root and callus cells extracts can
directly affect enterococcal membrane-associated FoF1-ATPase, which can be
considered as a target for antimicrobial activity.
Electron and Proton Transfer
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Cytochrome (cyt) bc1 complex has two active sites where energy-sustaining
electron/proton transfer reactions occur. To determine the exact transfer steps
